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Abstract — This paper presents a modeling of multiconductor
transmission lines using COMSOL, a finite element package. We
determined the capacitance coupling of the three-strip, six-strip,
and eight-strip shielded microstrip lines. We compared our
results with those obtained by other methods and found them to
be close.
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I.INTRODUCTION

Today, electromagnetic propagation on multiple parallel
transmission lines has been a very attractive area in
computational  electromagnetics. Multiple  parallel
transmission lines have been successfully applied and used by
designers in compact packaging, semiconductor device, high
speed interconnecting buses, monolithic integrated circuits,
and other applications.

Many authors have already calculated the multiconductor line
capacitances using different approaches. Those approaches
include analytical approach [1-2], the method of lines [3],
finite element method [4-5], quasi-TEM spectral domain
analysis [6], integral-equation computer-solution technique
[7-9], conformal mapping technique [10], and the moment
method [11].

In this paper, we consider systems of three-strip, six-strip, and
eight-strip (multiconductor) shielded microstrip lines. Using
COMSOL, a finite element package, we performed the
simulation of these systems of microstrip lines.

Il. CAPACITANCE MODEL

For coupled multiconductor microstrip lines, it is
convenient to write as [12-13]:
m
Q=>CyV, (=12 ...,m) 1)
j=1

where Q; is the charge per unit length, V/; is the voltage of

J th conductor with reference to the ground plane, CSij is

the short circuit capacitance between i th conductor and j th
conductor. The short circuit capacitances can be obtained

either from measurement or from numerical computation.
From the short circuit capacitances, we obtain
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Cii = chij )

where Cii is the capacitance per unit length between the i th
conductor and the ground plane. Also,

C,=-Cy, =i )
where Cij is the coupling capacitance per unit length between
the 1th conductor and Jth conductor.

capacitances are illustrated in Fig. 1.
For m -strip line, the per-unit-length capacitance matrix is
given by

The coupling

C11 _Clz "' _Clm
_C21 sz o _sz

C=| . : : (4)
_le _sz T C:mm

Also, we can determine the characteristic impedance matrix
for m -strip line by

le le Zlm
Z21 sz sz
Z, =| : : : 5)
_Zml Zmz me_

where Z _is the characteristic impedance per unit length.

I11. RESULTS AND DISCUSSION

Using COMSOL for modeling and simulation of the lines
involves taking the following steps:

1. Develop the geometry of the line, such as shown in Fig. 2.
2. We take the difference between the conductor and dielectric
material

3. We select the relative permittivity as 1 for the difference in
step 2.

4. We add a dielectric region under the inner conductors with
specified relative permittivity.

5. For the boundary, we select the outer conductor as ground
and the inner conductors as ports.

6. We generate the finite element mesh, and then we solve the
model.

7. As postprocessing, we select Point Evaluation and choose
capacitance elements to find the coupling capacitance per unit
length of the line.
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These steps were taken for the following three cases.

A.Three-strip line

Figure 2 shows the cross section for three-strip line with the
following parameters:

a = width of the outer conductor = 13 mm

b = height of the free space region (air) = 4 mm

h = height of the dielectric region =2 mm

w = width of each inner strip = 2 mm

t = thickness of each inner strip = 0.01 mm

D = distance between the outer conductor and the first strip =
2.5 mm

s = distance between two consecutive strips = 1 mm

Figure 3 shows the finite element mesh, while Fig. 4
illustrates the potential distribution along line y = h. Table |
shows the finite element results for the three-strip line.
Unfortunately, we could not find any work in the literature to
compare our results.

TABLE |
CAPACITANCE VALUES (INp F/ m) FOR THREE -STRIP
SHIELDED MICROSTRIP LINE

Methods C, C, C,
COMSOL[16] | 163.956 | -27.505 | -0.4301
B. Six-strip line

Figure 5 shows the cross section for six-strip line with the
following parameters:

a = width of the outer conductor = 15 mm

b = height of the free space region (air) = 2 mm

h = height of the dielectric region =8 mm

w = width of each inner strip = 1 mm

t = thickness of each inner strip = 0.01 mm

D = distance between the outer conductor and the first strip =
2mm

s = distance between two consecutive strips =1 mm

Figure 6 shows the finite element mesh, while Fig. 7
depicts the potential distribution along line y = h. The
capacitance values for six-strip shielded microstrip line are
compared with other methods as shown in Table Il, where
“iterative” refers to an iterative method [14] and ABC refers
to the asymptotic boundary condition [15]. It is evident from
the table that the finite element methods based on [4] and [16]
closely agree. The finite element methods seem to be more
accurate than the iterative and ABC techniques.

C. Eight-strip line

Figure 8 shows the cross section for eight-strip line with the
following parameters:

a = width of the outer conductor = 175 mm

b = height of the free space region (air) = 100 mm

h = height of the dielectric region = 16 mm

w = width of each inner strip = 1 mm

t = thickness of each inner strip = 0.01 mm

D = distance between the outer conductor and the first strip =
80 mm

s = distance between two consecutive strips =1 mm

Figure 9 shows the finite element mesh, while Fig. 10
depicts the potential distribution along line y = 20mm. The
capacitance values for eight-strip shielded microstrip line are
compared with other methods as shown in Table I1l, where
other authors used analytic approach [17] and Fourier series
expansion [18]. It is evident from the table that the results
from finite element method (COMSOL) closely agree with the
analytic approach.

IVV. CONCLUSION

In this paper, we have presented the modeling of three-strip,
six-strip, and eight-strip (multiconductor) shielded microstrip
lines. The results obtained using COMSOL for the coupling
capacitance per unit length agree well those found in the
literature.
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TABLE I

CAPACITANCE VALUES (INp F/ m) FOR SIX -STRIP SHIELDED MICROSTRIP LINE

Methods | C C, Cy Cu Cs Cer
I[ter]éltive 66.8 -27.9 | —5.49 -2.08 —0.999 -0.704
14
Finite 84.8 -264 | -3.71 -1.17 —0.456 -0.812
Element
[4]
ABC [15] | 68.6 -315 | -6.00 -2.25 -0.792 -0.602
E?O]MSOL 80.4 -239 | -3.61 -1.15 -0.451 -0.180
16

TABLE Il

CAPACITANCE VALUES (INp F/ m) FOR EIGHT -STRIP SHIELDED MICROSTRIP LINE

Method Cll CZl C31 C:41 C51 Cﬁl C7l C81
Analytic 127.776 -58.446 -13.024 | -5.721 -3.104 -1.892 -1.282 -1.211
[17]

Fourier 126.149 -57.066 -12.927 | -5.684 -3.086 -1.875 -1.264 -1.185
series [18]

COMSOL 128.204 -58.759 -13.064 | -5.739 -3.1206 -1.902 -1.290 -1.226
[16]
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Fig. 1 The per-unit length capacitances of a general M -conductor
transmission line.

4 Fig. 6 Mesh for the six-strip transmission line.
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Fig. 2 Cross-section of the three-strip transmission line.
Fig. 7 Potential distribution along the air-dielectric interface (y = h)
for the six-strip transmission line.
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Fig. 3 Mesh for the three-strip transmission line. Fig. 8 Cross-section of the eight-strip transmission line.
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Fig. 9 Mesh for the eight-strip transmission line.
Fig. 4 Potential distribution along the air-dielectric interface (y = h) .
for the three-strip transmission line.
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Fig. 10 Potential distribution along the air-dielectric interface (y =

Fig. 5 Cross-section of the six-strip transmission line. 20 mm) for the eight-strip transmission line.
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